Background. The carbohydrates of gastric mucins and other sugar structures are involved in interactions with Helicobacter pylori (H. pylori) adhesins. The binding of bacteria to mucins can protect the epithelium from direct contact with the pathogen and from developing infection because of a specific barrier created by the mucus. The pathogen also interacts with other carbohydrate structures of the epithelium. Direct contact between the bacteria and the epithelial cells facilitates infection development.
Introduction
Helicobacter pylori, a Gram-negative bacterium, colonizes the human stomach of more than 50% of the world's population. It is said to be the most globally common bacterial infectious agent. H. pylori can cause chronic active gastritis, peptic ulceration, and gastric cancers. It is interesting that more than 80% of infected individuals remain asymptomatic. 1, 2 The mucosal surface, with its mucus layer constantly secreted by the epithelial cells, plays an important role in the protection of the human stomach against invading pathogens. The mucus layer is mainly comprised of 2 secreted mucins: MUC5AC and MUC6, the first produced by the surface epithelium and the second one by the glands. 3, 4 There is also MUC1, the most highly expressed membrane-tethered mucin that is normally found on the apical surface of polarized epithelia, and is a major component of glycocalyx. It can initiate a signaling pathway in response to bacterial invasion and is thought to play an important role in cell-cell and cell-extracellular matrix interactions. [5] [6] [7] Mucins are heavily glycosylated glycoproteins with a large number of O-linked oligosaccharides with many sugar antigens which can be recognized by H. pylori adhesins. 8, 9 It has been suggested that the bacterium can bind to both MUC1 and MUC5AC mucins via fucosylated and sialylated glycans. [10] [11] [12] Some authors suggest that a release of MUC1 following the binding to H. pylori can limit the adhesion of the bacterium to the cell surface. Besides, MUC1 forms a physical barrier and may protect the gastric epithelium from adhesion to non-mucin binding agents. 13 The involvement of MUC1 and MUC5AC mucins in H. pylori infection development seems to be unquestionable. To prove the participation of mucin sugar antigens in binding with H. pylori adhesins, some substances which can inhibit or enhance interactions between bacteria and mucins can be used.
14 Anti-Lewis-x antibodies have been suggested as agents promoting H. pylori adhesion to gastric epithelial cells. 15 Our latest studies with anti-Lewis-b, anti-H type 1, and sialyl Lewis-x revealed the slight inhibitory effect of these antibodies on H. pylori binding to MUC1 mucin. 16 In the presented study, we used specific plant lectins in order to check their influence on H. pylori adhesion to gastric carbohydrates.
It seems clear that the explanation of the strategy used by H. pylori for colonizing the gastric epithelium could help reveal how pathogens overcome specific barriers to infection, such as the mucus layer.
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Material and methods
Patients and specimens
The gastric juices (as the source of mucins) of 3 H. pyloriinfected patients with duodenal ulcers were included in the study. The patients were hospitalized in the Department of Medicine and Gastroenterology of the Regional Hospital of Bialystok, Poland. They were treated for 2 weeks by oral administration of omeprazole (2 × 20 mg per day), amoxicillin (2 × 100 mg), and tynidazole (2 × 500 mg). Gastric juices were taken on days 11-13 of the successful treatment. The presence of H. pylori was examined histopathologically and by the urease test with gastric cells scraped under endoscopic examination.
To obtain high-molecular-mass mucins, the juices were pretreated as described before. 18 The prepared samples of the juices were diluted to the same protein concentration (0.005 mg/mL) prior to further tests. The protein content was measured using the bicinchoninic acid method.
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Bacterial strains and culture conditions
Helicobacter pylori strains were isolated from the gastric epithelial cells of 12 patients suffering from gastritis. The scrapings were collected before the beginning of the treatment, under endoscopic examination, from the prepyloric area and the body of the stomach. The scrapings were immediately carried into the transport medium Portagerm pylori (bioMerieux, Marcy-l'Étoile, France). Then, after homogenization, the bacteria were cultured on Pylori Agar and Columbia Agar supplemented with 5% sheep blood (bioMerieux, France) for 7 days at 37 o C under microaerophilic conditions using a Genbag microaer (bioMerieux, Marcy-l'Étoile, France). Microorgansms were identified upon the colony morphology by the Gram method. Additionally, the activity of the bacterial urease, catalase and oxidase were also determined. To prove H. pylori species, the ELISA test (HpAg48; EQUIPAR, Guadalajara, Mexico) was used. Then, the bacteria were subcultured in the same conditions and suspended at 1.2 × 10 9 bacteria/mL in PBS.
Determination of MUC1, MUC5AC, and sugar antigens recognized by Lotus tetragonolobus, Ulex europaeus, Maackia amurensis, and Arachis hypogaea lectins in gastric juices
Aliquots (50 μL) of the samples of gastric juices (containing 0.005 mg of protein/mL) were coated onto microtiter plates (NUNC F96; Maxisorp, Roskilde, Denmark) at room temperature (RT) overnight. The plates were washed 3 times (100 μL) in the washing buffer PBS-T (PBS, 0.05% Tween, Sigma, St. Luis, USA) between all ensuing steps. Unbound sites were blocked with 100 μL of 1% blocking reagent for ELISA (Roche Diagnostics, Mannheim, Germany) for 1 h. Then the plates were incubated (2 h at RT) with 100 μL of anti-MUC1 and anti-MUC5AC monoclonal antibodies (for specifications and dilutions of antibodies, see Table 1 ) diluted in 1% bovine serum albumin (BSA) in PBS-T or with biotinylated Lotus tetragonolobus (LTA), Ulex europaeus (UEA), Maackia amurensis (MAA), or Arachis hypogaea (PNA) lectins (diluted to 5 μg of lectin/mL in PBS-T-BSA (1%)) (Vector, Burlingame, USA) (for carbohydrate specifications of lectins, see Table 2 ). The lectin solutions were supplemented with metal cations: LTA, UEA, and PNA with 0.1 mmol/L CaCl 2 ; MAA with 0.1 mmol/L CaCl 2 and 0.01 mmol/L MnCl 2 . Then the plates were incubated (2 h at RT) with 100 μL of secondary, rabbit anti-mouse IgG horseradish peroxidase (conjugated for MUC1 and MUC5AC detection) or with 100 μL of horseradish peroxidase avidin D (Vector, Burlingame, USA) (for lectin detection) diluted (1:2,000) in PBS-T-BSA (1%). Next, after washing 4 times in PBS, the colored reaction was developed by incubation with 100 μL of 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) -the liquid substrate for horseradish peroxidase (Sigma, St. Louis, USA). Absorbance at 405 nm was measured after about 30-40 min. For controls, wells with no gastric juices were used. The test was performed twice with 3 replicates of each sample.
Binding of H. pylori to mucins
Aliquots of the samples of gastric juices were coated onto microtiter plates and incubated as described above. Then the plates were washed and blocked as before. The plates were incubated for 2 h at RT with aliquots (100 μL) of nonbiotinylated LTA, UEA, MAA, and PNA lectins. Two concentrations of lectin were used (in PBS supplemented with metal cations -see above): 40 and 0.4 μg of lectin/mL of PBS-T-BSA (1%). Wells without added lectins served as controls. The bacteria were diluted with PBS to get 2.4 × 10 7 cells/mL and 100 µL of each strain solution were added to the wells and incubated at 37°C overnight. Then the wells were treated with anti-H. pylori polyclonal, biotin-conjugated antibody diluted with PBS-T-BSA (1%) at RT for 1 h. After being incubated with horseradish peroxidaseconjugated avidin D, the colored reaction was developed as described above.
Statistics
The binding of H. pylori to mucins of gastric juices (pretreated with lectins or not) was subjected to statistical analysis (using STATISTICA v. 10.1 (StatSoft, Tulsa, USA). The results are presented as mean ±SD. Post hoc analysis calculated by an NIR test was used. Statistical significance was assumed at p < 0.05.
The study was approved by the Institutional Ethical Committee with the principles of the Declaration of Helsinki and informed consent was obtained from all patients.
Results
Three examined gastric juices revealed the presence of MUC1 and MUC5AC mucins. Mucin expressions were determined as OD values (405 nm) in the ELISA test (Fig. 1) . Figure 2 shows the expression of specific carbohydrate structures on gastric glycoproteins, recognized by the examined lectins. Fuc linked by α1-2 bond to Gal or by α1-3 bond to GlcNAc, recognized by the UEA lectin is observed at the highest level. A high level of sialic acid linked by α2-3 bond to Gal, recognized by the MAA lectin, is also seen. Fuc linked by α1-3 to GlcNAc, recognized by the LTA lectin and the Galα1-3GalNAc structure, recognized by the PNA lectin, are observed at a much lower level.
The abovementioned lectins were used to check their influence on the binding of H. pylori to gastric mucins. Two concentrations of lectins were used: 40 and 0.4 µg/mL. In Fig. 3 we can observe that in all samples, the addition of UEA, MAA and PNA lectins (at a higher concentration) caused an increase in the binding of the bacterium Fucα1-3GlcNAc Fucα1-2Gal; Fucα1-3GlcNAc
NeuAcα2-3Gal Galβ1-3GalNAc to mucins. In the case of the LTA lectin, only in one sample (Fig. 3b ) was a slight decrease in H. pylori binding observed for a lectin concentration of 40 µg/mL. Generally, it can be seen that a smaller dose of lectins (0.4 µg/mL) induced less of an increase in bacterium binding.
Discussion
Secretory MUC5AC and epithelial MUC1 mucins, with their specific carbohydrate structures, are said to be involved in interactions with H. pylori adhesins.
12,13 Some authors imply that Lewis antigens on the lipopolysaccharide (LPS) of H. pylori are also involved in bacterial adhesion. 15 However, the exact mechanism of interaction of H. pylori with the gastric epithelium still needs to be more precisely elucidated. Some tested particles have been shown to inhibit or enhance the binding of the bacterium to epithelial carbohydrate antigens. It was revealed that anti-Le x MAb could promote the adhesion ability of an H. pylori strain with high Le x expression. 15 According to the authors, MAb can serve as a kind of bridge to connect the Le x antigen of bacteria and the Le x antigen of the epithelium. These results are not in accordance with our latest studies with anti-Lewis b, anti-H type 1, and sialyl Lewis x antibodies. We revealed that the antibodies in question slightly inhibited the binding of bacteria to the MUC1 mucin. 16 In other studies, it was observed that neoglycoproteins of the Le b or sLe x oligosaccharides conjugated to human serum albumin (HSA) inhibited the adhesion of H. pylori to the gastric mucosa in vitro. 9, 20 Glycoconjugates of porcine milk also showed the inhibition of H. pylori adhesion. 21 These findings give more insight into the participation of peculiar sugar structures in interactions with bacterial adhesins. The exact elucidation of the mechanisms that H. pylori uses to colonize mucosal surfaces could lead to a complete understanding of how pathogens overcome barriers to infection, such as the presence of a mucus layer.
The lectins isolated from certain plants which were used in our study are able to recognize specific sugar structures in a manner similar to antigen-antibody interactions. Some lectins require that the particular sugar be in a terminal non-reducing position in the oligosaccharide; others can bind to sugars within the oligosaccharide chain. The affinity between a lectin and its receptor may vary a great deal due to small changes in the carbohydrate structure of the receptor. 22 In our study, we decided to use lectins that can recognize sugar structures which are said to act as carbohydrate receptors for H. pylori adhesins (LTA, UEA, or MAA) or are part of mucin structures (PNA) ( Table 2 ). All the lectins used revealed the enhancement of H. pylori binding to gastric mucins. Despite the different levels of sugar structures in gastric juices recognized by lectins, the increased binding effect was similar in all of the samples. It can suggest that some non-specific interaction between lectins and carbohydrate structures in gastric juices are possible. The eventual participation of bacterial LPS carbohydrates in such interactions cannot be excluded. The lectins used, with their high affinity to specific sugar antigens, can act as agents which could crosslink bacterial and mucin carbohydrates, as well as other sugar structures of the gastric epithelium. The binding of the bacterium with mucins can protect the host from developing an infection because the pathogen would be trapped in mucus and washed away from the stomach. On the other hand, interactions of H. pylori with surface carbohydrates could favor infection development by direct interactions of the bacterium with the epithelium.
